SUMMARY A 45,X/46,X,r(X) mosaicism was found in a mother and daughter. Characterisation of the ring by banding studies showed that breakpoints had occurred at bands Xpl3 and Xq27. It is confirmed that women heterozygotes for partial deficiencies of the short arm of an X chromosome are fertile. Although the mother developed secondary amenorrhoea at the age of 29, it is suggested that fertility per se may not be affected by deficiencies of the distal part of Xq.
About 5 % of patients with gonadal dysgenesis have a 45,X/46,X,r(X) chromosome constitution. Most of these females have primary amenorrhoea, short stature, infantile secondaxy sexual characteristics, and some minor dysmorphisms often encountered in Turner's syndrome.
One case of fertility has been reported in one of these patients, in whom the only pregnancy resulted in miscarriage.' Priest et a12 have described X chromosome defects in three generations of a family. Both the mother and grandmother of a 45,X/ 46,X,i(Xq) patient were themselves mosaics for 45,X/46,XX/46,X,r(X). It has been suggested that isochromosome formation, as well as ring formation and mosaicism, were secondary to a familial predisposition to X chromosome abnormality.
We report the first observation of an X ring chromosome segregating in two generations of a family. that in both patients the 45,X/46,X,r(X) mosaicism originated in 46,X,r(X) embryos. Ring chromosomes, because of their structure, may behave in an unstable manner in cell division. The increased rate of cell division in the 45,X, compared to that in the euploid population,3 could account for the prevalence of the 45,X cell line in the 46,X,r(X) population and for the differences in the proportion of cells with an X ring in the mother and in the daughter, 24 years younger.
In the absence of a 46,XX cell line in the tissues examined, our observation adds to the evidence for fertility in females carrying partial X chromosome deficiencies. Available evidence suggests that the idea that two normal Xs are necessary for the normal maturation and development of oocytes should be reconsidered.
Fraccaro et a14 described three sisters, carrying an Xp-abnormality, who menstruated and, at least in two cases, were fertile. After reviewing other similar published observations, the conclusion was reached that a short arm deletion of the X chromosome above band pll would not cause gonadal dysgenesis. The location of the breakpoint in Xp in our two patients does not contradict this idea. The maintenance of ovarian function in Xp-females has been interpreted either as non-involvement of the 'never-inactivated' part of the short arm or, according to the Hoo model,5 as deletion of the part of the X chromosome which is present in quadruplicate in the female sex chromosomes, being the distal region of Xp originally homologous to the medial segment of Xq. Thus, there are on record more than 15 women heterozygous for a partial deficiency of the short arm of an X chromosome who either had children or had the ability to produce gametes. However, we are not aware of any report of a fertile Xq-female.
The two patients identified in our study are also heterozygous for a partial deficiency of the X region distal to band q27. Although the mother developed secondary amenorrhoea at the age of 29, she became pregnant once, proving that fertility per se may not be affected by deficiencies of the distal part of Xq.
Therefore, the evidence from Xp-females and from the present observation indicates that the distal regions of Xp and Xq may be lost without affecting fertility. Thus, the model of Hoo,5 suggesting that gonadal dysgenesis is caused by deletion of the distal bands of the Xq arm, cannot be correct.
However, the possibility must be considered that fertility in our case 2 is related to the presence, at least in gonadal tissues, of a 46,XX cell line, originating through non-disjunction. A similar unusual cytological mechanism is found both in XY female lemmings and in the X monosomic females of Microtus oregoni, in which ooctyes and possibly the entire germ line acquire two X chromosomes, presumably through non-disjunction. 6 Rather than assuming the presence in the patient of a complex mosaicism, including a 46,XX cell population, we favour the hypothesis that loss of the two distal bands of Xq does not necessarily affect fertility. After reviewing all cases of balanced X;autosome translocations involving the long arm of an X chromosome in humans, we came to the conclusion that the 'integrity' of the region included between interband Xql3-21 and bands Xq24-26 is critical for normal post-puberal gonadal function.7 According to our model, loss of integrity in this region results in an increased rate of oocyte depletion, possibly by means of a position effect. Therefore, the assumption that deficiency of the distal segment of Xq could not be responsible for infertility does not contradict data derived from studies of females with balanced Xq;autosome translocations. It is possible that in the index case secondary amenorrhoea resulted from the prevalence of the 45,X cell line, as a consequence of its increased rate of division.
